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SOLUTION: This parts is the one having a compsn. contg., by 
weight, 0.30 to 0.60% C, <0.50% Si, 0.20 to 1.50% Mn, 0.0005 to 
0.0050% B, <0.015% N, <0.10% Ti, and the balance Fe with impurities, 
in which surface hardness after induction hardening treatment is 
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regulated to ^50HRC, furthermore having a uniform martensitic 
structure in which the rate of martensite in the induction- hardened 
structure is regulated to ^90%, and in which the ratio of hardening 
depth (t) , i.e., (effective hardening depth) /r (the parts radius or 
parts thickness) is regulated to 0.2 to 0.7. 
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[Document Name] Abstract 
[Abstract] 

[A technical problem] Offer the high frequency hardening parts which secured the static 
intensity of the parts of a power transfer system of cars, such as; an axle shaft, a drive 
shaft, and an outer race for constant- velocity joints, and were excellent in the shock **** 
characteristic and the shock-proof torsion characteristic. 

[Means for Solution] By weight %, C:0.30 to 0.60%, Si:<=0.50%, Mn:0.20-1.50%, 
B:0.0005 to 0.0050%, and N:<= ~ [ it contains Ti:<=0.10% 0.015%, and ] Consist of the 
remainder Fe and impurities and the surface hardness after high frequency hardening 
processing >=50HRC, And the high frequency hardening parts whose hardening depth 
ratios t (effective hardening depth)/r (a part radius or part thickness) the rate of martensite 
of a high frequency hardening part organization is 90% or more of uniform martensitic 
structure, and are 0.2-0.7. 

Document Name] Description 



[Title of the Invention] High frequency hardening parts 



[Claim(s)] 



[Claim 1] weight % - (- below the same.) ~ C:0.30 to 0.60%, and Si:<= ~ 0.50% Mn : 
0.20 to 1.50%, B:0.0005 to 0.0050%, N: <= - [ 0.015%, contain Ti:<=0.10%, and it 
consists of the remainder Fe and impurities, and ] The high frequency hardening parts 
characterized by >=50HRC and the rate of martensite of a high frequency hardening part 
organization being [ the surface hardness after high frequency hardening processing ] 
90% or more of uniform martensitic structure, and the hardening depth ratios t (effective 
hardening depth)/r (a part radius or part thickness) being 0.2-0.7. 



[Claim 2] Cr: The high frequency hardening part according to claim 1 characterized by 
containing <=1.0%, Mo:<=0.5%, and nickel:<=1.0% of one sort, or two sorts or more. 



[Claim 3] Pb: The high frequency hardening part according to claim 1 or 2 characterized 
by containing 1 of <=0.20%, S:<=0.10%, Bi:<=0.20%, Te:<-0.10%, and Ca:<=0.01% of 
sorts, and two sorts or more. 



[Detailed Description of the Livention] 
[0001] 

[Industrial Application] This invention relates to the high frequency hardening parts 
excellent in impact properties, such as the shock-proof**** characteristic and the shock- 
proof torsion characteristic. 

[0002] 

[Description of the Prior Art] They are used for high frequency hardening processing by 
the parts which constitute the power transfer system of a car, for example, an axle shaft, 
the drive shaft, the outer race for constant- velocity joints, etc., giving. In order to secure 
the intensity of the parts of these power transfer systems with advance of the high 
increase in power of a car and to guarantee safety in recent years, in addition to the 
conventional static intensity, it was tired of excelling, and impact properties, such as the 
characteristic, the shock-proof**** characteristic, and the shock-proof torsion 
characteristic, are demanded, and the material of high intensity is demanded. 

[0003] Many of above-mentioned power transfer system parts are JIS conventionally. 
After carbon steel for machine structures, such as S40C, is mainly used and manufactured 
parts by the forge between heat, the forge between the colds, ****, cutting, etc., the 
intensity demanded by carrying out high frequency hardening had been obtained, 
moreover, in order to raise static torsion intensity The improvement of static intensity has 
been attained by it being known that it is effective to make the hardness of a member 
high, to make deep the hardening depth at the time of high fi-equency hardening, etc., and 
making a carbon content increase, and making the hardness after high frequency 
hardening high, or making the hardening depth deep. However, in the conventional 
carbon steel, when the amount of carbon is increased, hardness is raised or the hardening 
depth was made deep, shock intensity was able to fall sharply and was not able to 
reconcile static intensity, and shock-proof**** and shock-proof torsion intensity. 



[0004] 



[Problem to be solved by the invention] This invention aims at offering the high 
frequency hardening parts which secured the static intensity of the parts of a power 
transfer system of cars, such as an axle shaft, a drive shaft, and an outer race for constant- 
velocity joints, and were excellent in the shock-proof**** characteristic and the shock- 
proof torsion characteristic. 

[0005] 

[Means for solving problem] hi order to attain the above-mentioned purpose, it sets on 
the high frequency hardening parts of this invention. C:0.30 to 0.60%, Si:<=0.50%, Mn : 
0.20 to 1.50%, B:0.0005 to 0.0050%, and N:<= - [ it contains Ti:<=0.10% 0.015%, and ] 
Cr:<=l .0%, Mo<=0.5%, and nickel:<=l .0% of one sort or two sorts or more are included 
if needed. If needed Furthermore, Pb:<=0.20%, S:<=0.10%, Bi:<=0.20%, 1 of 
Te:<=0.10% and Ca:<=0.01% of sorts and two sorts or more are included. Consist of the 
remainder Fe and impurities and the surface hardness after high frequency hardening 
processing >=50HRC, And it is that the rate of martensite of a high frequency hardening 
part organization shall be 90% or more of uniform martensitic structure, and the 
hardening depth ratios t (effective hardening depth)/r (a part radius or part thickness) 
shall be 0.2-0.7. 



[0006] 

[Function] [ when this invention makes C content increase and static intensity is made 
high ] raising the shock-proof**** characteristic and the shock-proof torsion 
characteristic by adding B and Ti ~ and the effect of Mn, Cr, and B ~ hardenability is 
raised, the high frequency hardening depth is secured enough, and static intensity and an 
impact property are fiirther improved by addition of Mo and nickel. 

[0007] The Reasons for limitation of the composition range of each alloy element, the 
surface hardness after high frequency hardening processing, etc. are explained below. 
C:0.30 to 0.60%C is an indispensable element in order to secure the intensity of a 
machine part, and in order to set the hardness of the bill-of-materials surface part after 
high frequency hardening to 50 or more HRC, it is necessary to make it contain 0.30% or 
more. However, even if contained exceeding 0.60%, surface hardness did not go up, and 
was bumed at the time of high frequency hardening, and since there was a problem of 
generating a crack, it made the maximum 0.60%. 



[0008] Si: Although <=0.50%Si was an element which makes hardenability high as 
******, since it would become easy to generate a crack at the time of processing between 



heat if it added exceeding 0.50%, it made the maximum 0.50%. Mn: 0.20 to 1.50%Mn is 
an element which makes the hardenabihty of steel high as ****** like Si. In order to 
improve the high frequency hardenabihty of steel and to increase surface hardness, it is 
necessary to add 0.20% or more. However, since the effect is saturated and the 
processability between heat was reduced even if it added exceeding 1.50%, the maximum 
was made into 1.50%. 



[0009] B of B:0.0005 - 0.0050% solubihty is an element which has the effect of 
improving shock-proof**** and the shock-proof torsion characteristic while raising high 
frequency hardenabihty. In order to acquire these effects, at least 0.0005% needed to be 
contained, but even if contained exceeding 0.0050%, the effect was saturated, and since 
problems, such as becoming easy to generate a crack in processing between heat of 
rolling, a forge, etc., arose, it made the maximum 0.0050%. 



[0010] N: Although <=0.015%N was an inescapable element containing in the ingot 
stages of steel, it combined with B in steel, generated BN and fell hardenabihty, since it 
did not affect shock-proof**** and the shock-proof torsion characteristic when it was 
0.015% or less, it made the maximum 0.015%. It is 0.005% or less preferably. 



[001 1] Ti: <=0.10%Ti fixes N by combining with N in steel and generating TiN, and 
since it has the effect of making the soluble amount of B in steel increasing, it adds it 
according to the amount of N. It is desirable for Ti/N ratios to be 3.42 or more and 8 or 
less. In addition, when Ti is added so much and a Ti/N ratio exceeds 8, in order for 
generation of the intervention thing to the inside of steel to become remarkable and to 
reduce the tiredness characteristic, as for the Ti/N ratio, eight or less were desirable, and 
it made the maximum of Ti content 0.1%. Cr: <=1.0% 



[0012] Cr is an element which improves the hardenabihty of steel like Mn, and can be 
added if needed. When the diameter or thickness of parts which carries out high 
frequency hardening is 25mm or less, Cr addition is unnecessary, but when carrying out 
high frequency hardening of the parts large-sized in comparison, adding in order to 
improve hardenabihty is desirable. However, the maximum was made into 1 .0% in order 
to worsen manufacturability, such as ****-ed and processability between heat, if it adds 
1.0% or more. nickel:<=1.0% and Mo:<= ~ 0.5%, since the impact property of a high 
frequency hardening part and a non-tempering part is improved and shock-proof **** 
and the shock-proof torsion characteristic are raised while improving the toughness of 
steel, nickel and Mo can be added if needed, in addition, nickel exceeds 1.0%, Mo 
exceeds 0.5%, and when it is made to contain, aggravation of ****-ed or the 
processability between heat is made to promote — things — ** 



[0013] Pb: <=0.20%, S:<-0.10%, Bi:<=0.20%, Te:<=0.10% and Ca:<=0.01%Pb, S, Bi, 



Te, and Ca are elements which improve ****-ed. However, if Te is exceeded for Bi 
0.20% 0.10%, it exceeds [ S ] 0.01% for 0.10% and Ca and Pb is added 0.20%, the 
tiredness characteristic and the rolling tiredness characteristic will be reduced. Moreover, 
since it exists in steel as an intervention thing, if it is made to contain so much, shock- 
proof **** and the shock-proof torsion characteristic will be reduced. 

[0014] Surface hardness after high-frequency hardening processing: Although the bill-of- 
materials side hardness after >=50HRC high frequency hardening processing determines 
static intensity, abrasion resistance, the tiredness characteristic, shock-proof****, and the 
shock-proof torsion characteristic, in order to improve these characteristics, it is required 
for 50 or more HRC in surface hardness at least. When hardening hardness became lower 
than 50HRC, he got tired, the characteristic and static intensity fell, and since the 
variation in shock-proof**** and the shock-proof torsion characteristic became large, 
the minimum of hardening hardness was set to 50HRC. 



[0015] In order for the rate of martensite of a high frequency hardening part organization 
to improve 90% or more of uniform martensitic structure especially shock-proof****, 
and the shock-proof torsion characteristic It is important to use the organization of a high 
frequency hardening part as uniform martensite, and it is required to make 90% or more 
into martensitic structure. Since shock-proof**** and the shock-proof torsion . 
characteristic fall when the rate of martensite includes a ferrite perlite organization low, it 
is desirable to make the rate of martensite into 90% or more. 

[0016] The hardening depth at the time of hardening depth ratio t/r:0.2 at the time of high 
frequency hardening - 0.7 high-frequency hardening made a ratio with the hardening 
depth (t), a part radius, or part thickness (r), i.e., the hardening depth ratio at the time of 
high frequency hardening, the range of 0.2-0.7 in order to affect the strength property of 
parts. When t/r is smaller than 0.2, the rolling tiredness characteristic falls and static 
intensity also runs short. Moreover, since shock-proof**** and shock-proof torsion 
intensity also fell rapidly, the minimum of hardening depth ratio t/r was set to 0.2. 
Moreover, although intensity, such as shock-proof****, the shock-proof torsion 
characteristic, and static intensity, improved by enlarging t/r, since it bumed at the time . 
of high frequency hardening processing and became easy to produce a crack while an 
effect is saturated, even if it makes the hardening depth deep exceeding 0.7, the 
maximum of t/r was set to 0.7. 



[0017] 



[Mode for carrying out the invention] The working example of this invention is explained 
hereafter. After ingoting steel of the ingredient composition shown in the following table 
1 by the usual method and making it a billet, this billet was hot-rolled and it was made 



the phi30mm round bar. In order to evaluate the high frequency hardenability of steel of 
this ingredient composition, after producing phi25mm and a round bar specimen 150mm 
in length from the phiSOmm round bar and carrying out high frequency hardening with a 
high frequency hardening testing machine, the depth (hardening depth) from which 
surface hardness and the hardness of 50 or more HRC are obtained was measured, hi 
addition, high frequency hardening was made into the frequency of lOkHz, 55kW of 
outputs, and cooking time 4 seconds, and was water-cooled after heating. Moreover, 
hardness measurement used the Rockwell hardness meter. The result is shown in the 
following table 2. 



[0018] 



[Table 1] 



[0019] 



[Table 2] 



a Moreover, in order to evaluate the tiredness characteristic, the smooth torsion 
ten with an examination part diameter of 22mm was used, after carrying out high 
frequency hardening processing, load of the 1500 Nrm torque was carried out, and the 
hydraulic torsion testing machine estimated the number of repetitions to a fracture. In 
addition, high frequency hardening was made into the frequency of lOkHz, 55kW of 
outputs, and cooking time 2 seconds, and was water-cooled after heating. The result is 
shown in the foltowmg table 3. " 



[0021] 



[Table 3] 



[0022] Moreover, in order to evaluate the shock **** characteristic, using the piece of a 
smooth bending test with an examination part diameter of 10mm by which high 
frequency hardening processing was carried out, in the three-point shock bending test, the 
central point with a fulcrum interval of 100mm was displaced at the rate of 100 mm/s, 
and the maximum load shown by the fracture estimated. In addition, high frequency 
hardening was made into the frequency of 10kHz^„5 5kW of outputs, and cooking time^LS 
seconds, and was water-cooled after heating. The result is shown in theToUowing table 4. 

[0023] Furthermore, in order to evaluate the shock torsion characteristic, the specimen of 
the same form as a shock bending test was used, and the maximum torque shown by the 
fracture at the time of carrying out load of the shock torsion torque at 30 torsion [/s ] 
speed estimated. High frequency hardening is the same conditions as the piece of a shock 
bending test. The result is shown in Table 4. 



[0024] 



[Table 4] 



^ [0025] As shown in Table 2, when high frequency hardening is carried out on fixed . 
conditions as 55kW of outputs, and cooking time 4 seconds^ with this invention steel, it 
turns out also in which steel type thatthe hardening depth ratio is shallower with 
comparative example steel to it being as for which that the hardening depth ratio (t/r) 
shows 0.5 or more values. Even if C and Mn content are the same levels especially, when 
the amounts of B differ, the difference of a hardening depth ratio is remarkable, and it is 
clear that B has contributed to high frequency hardenability. Moreover, it turns out that it 
is difficult that the amount of C sets the hardness of a surface part to 50 or more HRC at 
less than 0.3%. 



[0026] As shown in Table 3, when static torsion intensity is seen, it tums out that the 
maximum torsion torque becomes [ surface hardness ] high greatly in the higher thing of 
a hardening depth ratio. With comparative example steel, even if surface hardness is high, 
since the hardening depth is shallow, static torsion torque shows the low value. 
Moreover, when the fracture life in fatigue testing is seen, the way of this invention steel 
shows the tendency for a fracture life to be long, and it tums out that the way of this 
invention steel is predominance also statically and dynamically. 

[0027] As shown in Table 4, the hardening depth ratio of this invention steel checked the 



characteristic in the range of 0.25-0.7, but compared with comparative example steel, the 
improvement of the shock intensity more than 2 double was checked. When a hardening 
depth ratio is small, it is in the tendency for shock intensity to also fall, but as for all, high 
intensity is attained compared with comparative example steel. 

[0028] Thus, this invention steel was excellent in high frequency hardenability compared 
with comparative example steel, and it enabled large improvement in shock-proof 
flexural strength and shock-proof torsion intensity, without falling static intensity. 



[0029] 



[Effect of the Invention] This invention does the following outstanding effects so by 
having had the above-mentioned composition. (1) The high frequency hardening parts of 
this invention steel have the outstanding high frequency hardenability. (2) Moreover, by 
selecting the surface hardness and hardening depth ratio at the time of high frequency 
hardening in the proper range, static torsion intensity and torsion fatigue strength can be 
secured, and improvement in shock-proof flexural strength and shock-proof torsion 
intensity can be aimed at further. 



[Translation done.] 
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Application number: Application for patent Heisei 8-207624 
Date of Drafting: Heisei 14(2002) July 29 
Patent examiner: Masaki Okui 7516 4K00 
Representative/ Applicant: Katsumi Arasaki 

Applied Provisions: Patent Law Section 29(1), Section 29(2), Patent Law Section 36 

This application should be refused for the reason mentioned below. If the applicant has 
any argument against the reason, such argument should be submitted within 60 days from 
the date on which this notification was dispatched. 

Reason 

1. The claimed invention(s) in the each claim listed below of this patent application 
should not be granted a patent under the provision of Patent Law Section 29 (l)(iii) for 
the reason that the claimed invention(s) has/have been deemed to be identical with the 
invention(s) described in the distributed publication(s) listed below in Japan or other 
foreign countries prior to the filing of patent application. 2. The claimed invention(s) in 
the each claim listed below of this patent application should not be granted a patent under 
the provision of Patent Law Section 29 (2) for the reason that the claimed invention(s) 
could have easily been made by persons who have common knowledge in the technical 
field to which the claimed invention(s) pertains, on the basis of the invention(s) described 
in the distributed publication(s) listed below in Japan or other foreign countries prior to 
the filing of the patent apphcation. 
Account <As opposed to Claim 1 and 2 ... 1, 2> 
Publication 1: JP,H5-320825,A 



The surface hardness overlap invention which requires the composition range of an alloy 
ingredient for application-concemed Claim 1 and 2 at a publication 1, and according to 
high frequency hardening is the ratio of layer thickness / axial radius about a quench- 
hardening- treatment layer at 55 or more HRC(s). Invention of steel for solid shafts for 
driving shafts which is 0.45 or more is indicated (Claim 1 and paragraph 0016). Since, as 
for steel of a description, the surface hardness after high frequency hardening processing 
is over 50HRC in the publication 1, it is thought that a high frequency hardening 
organization part is the uniform martensitic structure of 90% or more of the rate of 
martensite. <As opposed to Claim 3 ... 2> 
Publication 1: JP,H5-320825,A 

Although reference was already made about the publication 1, in order to improve ****- 
ed in the paragraph 0016 of this literature, making S, Pb, Te, and Ca contain is indicated. 
<As opposed to Claim 1 - 3 ... 1, 2> 
Publication 2: JP,H8-53714,A 



In Claim 1 -6 of the publication 2, invention which requires the composition range of an 
alloy ingredient for application-concerned Claim 1 - 3 is overlapped, and invention of the 
scroll parts for machine structures whose ratios are 0.3-0.7 as resemble high frequency 
hardening at hardening layer depth CD to 50% martensite hardness and the radius of a 
high frequency hardening scroll article is indicated. It is shown in Table 2 in the 
paragraph 0036 of this Hterature that "0.05mm surface hardness (HV)" is over 50HRC. 
Since, as for steel of a description, "the 0.05mm surface hiardness (HV)" after high 
frequency hardening processing is over 50HRC in the publication 1, it is thought that a 
high frequency hardening organization part is the uniform martensitic structure of 90% or 
more of the rate of martensite. 

3. A description of the detailed description of the invention is the following point, and 
this appUcation is patent law Patent Law Section 36 4th. The requirements specified to a 
clause and (6)(2) are not satisfied. 

• Account 

<To Claim 1>, each "this invention steel" in Table 1 of the paragraph 0018 of (1) 
application-concemed Description contains Cr and S, and the example corresponding to 
invention concerning appHcation-concemed Claim 1 is not indicated to the detailed 
description of the invention. (2) The rate of martensite of "high frequency hardening part 
organization according to claim 1 is 90% or more of uniform martensitic structure. [ that 
the hardening depth ratios t (effective hardening depth)/r (a part radius or part thickness) 
are 0.2-0.7" ] A "high frequency hardening organization" which portion of parts is 
pointed out Since it is unknown, He cannot understand invention (since the rate of 
martensite becomes small, it is hard to consider the rate of martensite with hardening that 
the other portion is divided into two of the portions whose rates of martensite are 0% with 
90% or more of portion, as it goes to the depths). (3) The "effective hardening depth" of 
Claim 1 is not clear in what kind of the depth is pointed out (the portion exceeding 
50HRC is pointed out in the detailed description of the invention). 
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